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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The semi-conductor light emitting device which is a semi-conductor light emitting device which comes to have the ZnO 
system luminous layer formed on a substrate substrate and a substrate substrate, and is characterized by intervening and preparing the 
ZnO buffer layer by which the impurity was doped between said substrate substrate and a ZnO system luminous layer. 
[Claim 2] The manufacture approach of the semi-conductor light emitting device characterized by having the process for which a 
substrate substrate is prepared, the process which forms the ZnO buffer layer by which the impurity was doped on a substrate 
substrate, and the process which forms a ZnO system luminous layer on a ZnO buffer layer. 

[Claim 3] Said substrate substrate is a semi-conductor light emitting device or its manufacture approach given in either claim 1 
characterized by consisting of a kind of silicon on sapphire, the Xtal substrate, a silicon substrate, a glass substrate, or the fused- 
quartz substrates, or claim 2. 

[Claim 4] Said impurity is the semi-conductor light emitting device according to claim 1 to 3 characterized by being the metal which 
consists of at least one sort in Li. Cu, nickel, Y, Ag, Mn, Mg, aluminum. V, Fe, La, Ti, Ta, Nb, and Ga, or its manufacture approach. 
[Claim 5] Said ZnO system luminous layer is the manufacture approach of the semi-conductor light emitting device according to claim 
2 to 4 characterized by being formed by the sputtering method. 




[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the semi-conductor light emitting device which has the luminescence wavelength of 
the blue especially using the epitaxial ZnO film - an ultraviolet-rays field, and its manufacture approach about the semi-conductor light 
emitting device which emits light by the exciton. 
[0002] 

[Description of the Prior Art] In recent years, implementation of the semi-conductor light emitting device which has the luminescence 
wavelength of a blue - ultraviolet-rays field is strongly called for from the demand of multiple-color-izing in a luminescence display etc., 
and the demand of improvement in the data density in a communication link, record, etc. As an ingredient of the semi-conductor light 
emitting device which carries out blue luminescence, although the GaN system semiconductor material attracts attention, technically, 
the manufacture has many difficult points and they are not yet completely put in practical use. Then, this invention person is making 
the thing proposal, using ZnO as a semiconductor material which has the luminescence wavelength of the blue - ultraviolet-rays field 
replaced with a GaN system Ingredient. The light emitting device which performs exciton luminescence near the luminescence 
wavelength of 370nm tends to obtain by carrying out epitaxial growth of the ZnO film, and specifically using this epitaxial film on a 
substrate substrate. 
[0003] 

[Problem(s) to be Solved by the Invention] However, the semi -conductor light emitting device using the above-mentioned ZnO film has 
the following troubles. That is, the ZnO film used as a luminous layer is a point said that formation of this ZnO system luminous layer is 
very difficult, although that crystallinity must be a very good epitaxial film (it is hereafter called a ZnO system luminous layer). The ZnO 
film is used for various kinds of electron devices from before, and if it is the polycrystal ZnO film in which crystallinity is comparatively 
inferior, it is manufactured easily and in large quantities by technique, such as the sputtering method. Moreover, membrane formation of 
the ZnO epitaxial film by the sputtering method is also performed by using silicon on sapphire as a substrate substrate. However, the 
epitaxial ZnO film formed by this technique was not what has good crystallinity with it until it is inferior to that stacking tendency and 
can present a light emitting device, in order to form the ZnO system luminous layer used as a light emitting device, after [ for this 
reason, ] using silicon on sapphire as a substrate substrate — Laser MBE — the expensive and minute membrane formation technique, 
such as law, needed to be used, and that membrane formation approach was limited extremely, furthermore by such technique, the ZnO 
system luminous layer of membraneous quality satisfying yet enough has not been obtained with sufficient repeatability — the present 
condition — it is — moreover, the laser MBE — in law, it had the trouble that the area of the ZnO system luminous layer which can 
form membranes was also the very small thing of several mm angle extent, and a membrane formation rate was late inferior to the 
mass-production nature. 

[0004] Therefore, the purpose of this invention realizes a semi-conductor light emitting device with the ZnO system luminous layer 
which has crystallinity satislying as a light emitting device, and is to offer the manufacture approach that it can be further 
manufactured with repeatability or sufficient mass-production nature. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the semi-conductor light emitting device of this 
invention inten/ened and prepared the ZnO buffer layer by which the impurity was doped between the substrate substrate and the ZnO 
system luminous layer in the semi-conductor light emitting device which comes to have the ZnO system luminous layer formed on the 
substrate substrate which consists of silicon on sapphire etc., and a substrate substrate. Here, as a substrate used as a substrate 
substrate, silicon on sapphire, the Xtal substrate, a silicon substrate, a glass substrate, or a fused-quartz substrate is mentioned. 
Moreover, as an impurity doped by the ZnO buffer layer, the metal which consists of at least one sort in Li, Cu, nickel, Y, Ag, Mn, Mg, 
aluminum, V, Fe, La, Ti, Ta, Nb, and Ga is used. 

[0006] Wholeheartedly, as a result of research, by making the ZnO buffer layer by which the Impurity was doped between the substrate 
substrate and the ZnO system luminous layer intervene, this invention person acquires knowledge that the stacking 
tendency/crystal linity of the ZnO system luminous layer formed on a buffer layer improve, and came to complete this invention. Since 
the stacking tendency of a ZnO buffer layer and crystallinity which are formed by doping a predetermined impurity into the ZnO film 
improve, this is considered for also combining the crystallinity of the ZnO system luminous layer formed in piles on it and improving. 
[0007] Thus, since the good buffer layer of a stacking tendency and crystallinity was formed, it became possible to use conventionally 
the sputtering method which was not able to be adopted as the membrane formation approach of a ZnO system luminous layer for the 
first time in manufacture of the ZnO system luminous layer of the semi-conductor light emitting device of this invention fi^om a 
crystalline viewpoint. 
[0008] 

[Embodiment of the Invention] The semi-conductor light emitting device 1 of the 1st example of [1st example, drawin g 1 - drawin g 2 ] 
this invention consists of c-th page silicon on sapphire 2, a ZnO buffer layer 3 by which nickel was doped as an impurity, and a ZnO 
system luminous layer 4 formed on this ZnO buffer layer 3, as shown in drawing 1 . 

[0009] The semi-conductor light emitting device 1 of an above-mentioned configuration Is manufactured at the following processes, c- 
th page silicon on sapphire 2 is first prepared as a substrate substrate. Subsequently, the ZnO buffer layer 3 by which nickel was doped 
is formed by the sputtering method on silicon on sapphire 2 at 1.3 micrometers of thickness. What is necessary is Just to form 
membranes using the ZnO ceramic target and Zn metal target which contain nickel as an impurity using Ar/02 gas on the occasion of 
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membrane formation. Equipments, such as RF spatter and an ECR spatter, are used as a sputtering system. Similarly the ZnO system 
luminous layer 4 is formed to 1.0 micrometers of thickness after forming the ZnO buffer layer 3 using a ZnO ceramic target or Zn metal 
target by the sputtering method. The semi-conductor light emitting device 1 is manufactured according to the above process. In 
addition, each of each above-mentioned ZnO film is epitaxial films. 

[0010] Although it was possible to have formed the epitaxial film of ZnO conventionally if the ZnO film is formed by the spatter on c-th 
page silicon on sapphire, its stacking tendency/crystallinity was insufficient. For this reason, even if it was not able to use this EPI film 
as a ZnO system luminous layer and formed the 2nd ZnO EPI film on it further, using this EPI film as a buffer layer, too, the 2nd EPI 
film was not able to become what has inadequate crystallinity, either, and was not able to be used as a ZnO system luminous layer. 
When spatter membrane formation of the ZnO buffer layer of nickel dope was carried out this time, the EPI film of ZnO was obtained 
and it became clear further that the EPI film became the thing excellent in a stacking tendency/crystallinity. This ZnO buffer layer itself 
is unsuitable for the impurity being doped and using as a ZnO system luminous layer. However, the ZnO system luminous layer with 
which a light emitting device can be presented can be formed by forming the ZnO EPI film by sputtering further on the ZnO buffer layer 
excellent in this stacking tendency/crystallinity. 

[001 1] In addition, as for a ZnO buffer layer, it is desirable to form in thickness 0.3 micrometers or more. It is because it will be difficult 
to form the buffer layer which has sufficient stacking tendency/crystallinity even if it adds an impurity when the thickness of a buffer 
layer is thinner than 0.3 micrometers. It is one standard that the rocking curve half-value width according [ sufficient stacking 
tendency/crystallinity which we say here ] to the X diffraction of a ZnO buffer layer is 2 or less times. By choosing these values, it is 
because the ZnO system luminous layer with which is stabilized comparatively and a light emitting device can be presented can be 
obtained. Moreover, as for a ZnO system luminous layer, it is desirable to form in thickness 0.05 micrometers or more. If about 0.05 
micrometers or more of thickness of a ZnO system luminous layer will not be formed even if this has the good crystallinity of a ZnO 
buffer layer, it is because it is hard to obtain the ZnO system luminous layer which has good crystallinity in extent which can be used 
as a luminous layer. If the relation between the thickness of this ZnO buffer layer and the thickness of a ZnO system luminous layer is 
explained in full detail, it is necessary to form a ZnO luminous layer thick, so that the thickness of a ZnO buffer layer is thin, and the 
relation that the thickness of a ZnO luminous layer may be thin will be realized, so that the thickness of a ZnO buffer layer is thick. For 
example, when the thickness of a buffer layer is very as thin as 0.3 micrometers, it is necessary to form in about 0.1 micrometers or 
more as a ZnO luminous layer but, and when the thickness of a buffer layer has the thickness which is about 1 .0 micrometers, it is 
sufficient if it forms in about 0.05 micrometers or more as a ZnO luminous layer. 

[0012] Although nickel was used as an impurity in this example, as an impurity added to a buffer layer, it is clear from an experiment of 
this invention person that the metal which consists of at least one sort in Li. Cu. Y, Ag, Mn. Mg, aluminum, V. Fe, La, Ti, Ta. Nb. and Ga 
is desirable from a viewpoint on the stacking tendency / crystal disposition of a ZnO buffer layer. Moreover, although c-th page silicon 
on sapphire was used as a substrate substrate in this example, even if it used Z cut Xtal substrate, n mold silicon substrate, the glass 
substrate, and the fused-quartz substrate, by doping an above-mentioned impurity showed that the good ZnO buffer layer of a stacking 
tendency/crystallinity could be formed similarly. As a ZnO buffer layer and substrate heating temperature at the time of ZnO system 
luminous layer membrane formation, about 200-600 degrees C is desirable from a viewpoint of a crystal stacking tendency. Moreover, 
when using a ceramic target and the division ratio of Ar/02 at the time of membrane formation uses a metal target for the range of 
60 / 40 - 95/5, it is desirable to set it as the range of 40 / 60 - 90/10. 

[0013] Here, in order to check the membraneous quality of the ZnO system luminous layer of this invention, it experimented as 
compared with the ZnO system luminous layer obtained by the conventional process. What specifically carried out spatter membrane 
formation of the direct ZnO system luminous layer, without forming a ZnO buffer layer on silicon on sapphire A sample 1 (conventional 
example), the ** which does not form a ZnO buffer layer on silicon on sapphire — a direct ZnO system luminous layer — Laser MBE - 
- what formed membranes by law — a sample 2 (conventional example) — What formed the nickel dope ZnO buffer layer on silicon on 
sapphire, and carried out spatter membrane formation of the ZnO system luminous layer on it was prepared as a sample 3 (this 
invention), respectively. Subsequently, the helium-Cd laser beam with a wavelength of 325nm was irradiated to each sample at the 
room temperature, and photoluminescence measurement was performed. The result is shown in drawing 2 . From drawing 2 . 
photoluminescence luminescence was not checked by the sample 1 which carried out spatter membrane formation of the direct ZnO 
system luminous layer on silicon on sapphire, a ZnO system luminous layer — Laser MBE — although FOTORUMI luminescence is 
obtained by both the samples 3 that carried out spatter membrane formation of the ZnO system luminous layer on the sample 2 which 
formed membranes by law, and the nickel dope ZnO buffer layer, it turns out that it has luminescence reinforcement with a stronger 
sample 3 compared with a sample 2. 

[0014] Moreover, by the sample 2 and the sample 3, it has a big difference also not only in respect of the field of luminescence 
reinforcement but in respect of its productivity, namely, the sample 2 — Laser MBE — it cannot be based on law and the membrane 
formation area of a ZnO system luminous layer can also form only the very small thing of several mm angle extent. On the other hand, 
membranes are formed by the spatter, a ZnO buffer layer / luminous layer can form membranes at once to the large area of the whole 
substrate substrate surface of the diameter of 3-6 inch, and the sample 3 excels [ luminous layer ] in productivity very much. 
[0015] Next, the experiment which compares change of the membraneous quality of the ZnO system luminous layer by modification of 
the substrate substrate was conducted about the semi-conductor light emitting device manufactured according to the manufacture 
approach of this invention. The sample using c-th page silicon on sapphire, Z cut Xtal substrate, n mold silicon substrate, and the glass 
substrate as a substrate substrate was prepared, respectively, and, specifically, photoluminescence measurement using the same 
helium-Cd laser beam as the above was performed. The result is shown in drawin g 3 . Drawing 3 shows that FOTORUMI luminescence 
reinforcement almost comparable also as the sample using silicon on sapphire. Z cut Xtal substrate, a silicon substrate, and which 
substrate substrate of a glass substrate is checked. Moreover, although not shown here, also when a fused-quartz substrate was used 
as a substrate substrate, the luminescence property almost equivalent to the case where n mold silicon substrate is used was acquired. 
By intervening and forming from this, the ZnO buffer layer by which the impurity was doped shows that a crystalline good ZnO system 
luminous layer can be conventionally formed also on the Xtal substrate which was not able to form membranes, and a silicon substrate. 
[0016] In addition, in order to form the good ZnO buffer layer of a stacking tendency/crystallinity. and a ZnO system luminous layer 
further, the thing of 99.999% or more of high grade is used for the target to be used, or the device of using the thing of 99.999% or more 
of high grade for introductory gas is made, and it gets. 

[0017] The semi-conductor light emitting device 1 1 of the 2nd example of the 2nd example and [ drawing 4 ] this invention is a semi- 
conductor light emitting device formed using the ZnO system luminous layer, and is LED in which the electrode for impressing an 
electrical potential difference from the exterior of a component 1 1 was formed. Hereafter, the structure of the light emitting device of 
this example is explained using drawin g 4 . 
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[0018] First, the ZnO buffer layer 13 by which aluminum was doped is formed on c-th page silicon on sapphire 12. By doping aluminum, 
the ZnO buffer layer 13 serves as the n mold ZnO. The ZnO barrier layer 14 is formed on the ZnO buffer layer 13, and the p mold ZnO 
layer 1 5 by which N was doped (or ion implantation) is further formed on it. In addition, each of each of these ZnO layers is the eprtaxtal 
films formed by the sputtering method. 

[0019] A part of p mold ZnO layer 15 and ZnO barrier layer 14 are removed by etching, and the up electrode 17 which consists of a 
metallic material in which the lower electrode 1 6 which consists of a metallic material which carries out ohmic contact with ZnO, for 
example, Ti/Au etc., carries out ohmic contact with ZnO the same on the p mold ZnO layer 15 Is formed In the exposed region of the 
ZnO buffer layer 13 after removal. 

[0020] In the semi-conductor light emitting device 1 1 of the pn junction mold of an above-mentioned configuration, exciton 
luminescence of the light of a blue - ultraviolet-rays field can be carried out by impressing an electrical potential difference between 
the lower electrode 1 6 and the up electrode 1 7. 

[0021] In addition, the ZnO buffer layer 13 besides the configuration of this example is not cared about as two-layer structure of a 
nickel dope ZnO buffer layer and an aluminum dope ZnO buffer layer. It becomes possible to pull out the aluminum dope ZnO buffer 
layer of low resistance, and to use as an electrode, harnessing such a configuration, then the crystalline outstanding nickel dope ZnO 



[Effect of the Invention] According to the semi-conductor light emitting device of this invention, it enables it to manufacture the 
difficult good ZnO system luminous layer of a stacking tendency/crystallinity with which a light emitting device is presented with 
sufficient productivity nature by comparatively easy approaches, such as a spatter, to manufacture conventionally so that cleaHy from 
above-mentioned explanation. 
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buffer layer. 
[0022] 
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DRAWINGS 



[Drawing 1] 



\ v\ w \\ ^ 




[Drawing 2] 
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[Drawing 3] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawin g 1] It is the sectional view showing the structure of the semi-conductor light emitting device of one example of this invention. 
[Drawin g 2] It is the graph which compared the photoluminescence measurement result of the ZnO system luminous layer of this 
invention, and the ZnO system luminous layer of the conventional example. 

[Drawing 3] It is the graph which shows the photoluminescence measurement result of the ZnO system luminous layer of this invention 
at the time of changing the class of substrate substrate. 

[Drawing 4] It is the sectional view showing the structure of the semi-conductor light emitting device of other examples of this 

invention. 

[Description of Notations] 

1 ... Semi-conductor Light Emitting Device 

2 ... C-th Page Silicon on Sapphire 

3 ... ZnO Buffer Layer 

4 ... ZnO System Luminous Layer 
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